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METHODS AND APPARATUSES FOR
ENABLING POWER BACK-OFF INDICATION
IN PHR IN A TELECOMMUNICATIONS
SYSTEM

RELATED APPLICATIONS

The present application is a continuation of U.S. patent
application Ser. No. 13/129,237, which was filed on May 13,
2011, which is a national stage application of PCT/SE2011/
050528, filed Apr. 29, 2011, and claims benefit of U.S. Pro-
visional Application 61/428,684, filed Dec. 30, 2010, the
disclosures of each of which are incorporated herein by ref-
erence in their entirety.

TECHNICAL FIELD

The presently described embodiments relate generally to
the field of wireless telecommunications, and, more particu-
larly, to methods and apparatuses for enabling power back-off
indication in at least Power headroom reporting (PHR) in a
communication system.

BACKGROUND

In a telecommunications system such as LTE (Long Term
Evolution) OFDM (Orthogonal Frequency Division Multi-
plexing) is used in the downlink and DFT (Discrete Fourier
Transform)-spread OFDM (a.k.a. Single-Carrier Frequency
Division Multiple Access, SC-FDMA) in the uplink. The
basic LTE downlink physical resource may thus be seen as a
time-frequency grid as illustrated in FIG. 1 where each
resource element corresponds to one OFDM subcarrier dur-
ing one OFDM symbol interval.

In the time domain, LTE downlink transmissions are orga-
nized into radio frames of 10 ms, each radio frame comprising
of'ten equally-sized subframes of length T =1 ms (see
FIG. 2).

Furthermore, the resource allocation in LTE is typically
described in terms of resource blocks, where a resource block
corresponds to one slot (0.5 ms) in the time domain and 12
subcarriers in the frequency domain. Resource blocks are
numbered in the frequency domain, starting with O from one
end of the system bandwidth.

Downlink transmissions are dynamically scheduled, i.e., in
each subframe the base station transmits control information
indicating to which terminals and on which resource blocks
the data is transmitted during the current downlink subframe.
This control signaling is typically transmitted in the first 1, 2,
3 or 4 OFDM symbols in each subframe. A downlink system
with 3 OFDM symbols as control region is illustrated in FI1G.
3.

InLTE, a plurality of channels is defined such as the Physi-
cal Uplink Control Channel (PUCCH) and the Physical
Uplink Shared Channel (PUSCH) which are described below.

For PUCCH LTE is configured to use hybrid-ARQ (hybrid
Automatic Repeat reQuest), where, after receiving downlink
data in a subframe, the mobile terminal or often referred to as
the User Equipment (UE) attempts to decode it and reports to
the base station whether the decoding was successful
Acknowledgment (ACK) or not (NACK) (Non-Acknowledg-
ment)). In case of an unsuccessful decoding attempt, the base
station may retransmit the erroneous data.

Uplink control signaling from the terminal (e.g. UE) to the
base station may include:

hybrid-ARQ acknowledgements for received downlink
data;

subframe
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2

terminal reports related to the downlink channel condi-
tions, used as assistance for at least the downlink scheduling
(also known as Channel Quality Indicator (CQI));

scheduling requests, indicating that the terminal needs
uplink resources for uplink data transmissions.

If the mobile terminal has not been assigned an uplink
resource for data transmission, the [L1/.2 (Layer 1 and/or
Layer 2) control information (channel-status reports, hybrid-
ARQ acknowledgments, and scheduling requests) is trans-
mitted in uplink resources (resource blocks) assigned for
uplink [.1/L.2 control information on the PUCCH. Different
PUCCH formats are used for different information. For
example, PUCCH Format 1a/1b and 3 are used for hybrid-
ARQ feedback, PUCCH Format 2/2a/2b for reporting of
channel conditions, and PUCCH Format 1 for scheduling
requests. The different PUCCH formats are described in the
Third Generation Partnership Project LTE standard related
Technical Specifications 3GPP TS 36.213.

To transmit data in the uplink the mobile terminal has to be
assigned an uplink resource for data transmission, on the
Physical Uplink Shared Channel (PUSCH), see FIG. 4.

The middle single-carrier symbol in each slot is used to
transmit a reference symbol. If the mobile terminal has been
assigned an uplink resource for data transmission and at the
same time instance has control information to transmit, it will
transmit the control information together with the data on
PUSCH.

LTE Rel-8 (Release-8) has recently been standardized,
supporting bandwidths up to 20 MHz. However, in order to
meet the International Mobile Telecommunications
Advanced (IMT-Advanced) requirements, 3GPP has initiated
work on LTE Rel-10. One of the key components of LTE
Rel-10 is the support of bandwidths beyond 20 MHz while
ensuring backward compatibility with LTE Rel-8. This
should also include spectrum compatibility and implies that
an LTE Rel-10 carrier, potentially wider than 20 MHz may be
realized as a number of LTE carriers to an LTE Rel-8 terminal
(e.g. a UE). Each such carrier may be referred to as a Com-
ponent Carrier (CC). For early LTE Rel-10 deployments it
may be expected that there will be a smaller number of LTE
Rel-10 capable terminals compared to many LTE legacy ter-
minals. Therefore, it may be necessary to assure an efficient
use of a wide carrier also for legacy terminals, i.e. that it is
possible to implement carriers where legacy terminals may be
scheduled in all parts of the wideband LTE Rel-10 carrier. A
way to obtain this would be by means of Carrier Aggregation
(CA) so that that an LTE Rel-10 terminal may receive mul-
tiple CCs, where a CC has, or at least have the possibility to
have, the same structure as a Rel-8 carrier. CA is illustrated in
FIG. 5.

The number of aggregated CCs as well as the bandwidth of
the individual CC may be different for uplink and downlink.
A symmetric configuration refers to the case where the num-
ber of CCs in downlink and uplink is the same whereas an
asymmetric configuration refers to the case that the number of
CCs is different. It should be noted that the number of CCs
configured in a cell area may be different from the number of
CCs seen or used by a terminal: A terminal may for example
support more downlink CCs than uplink CCs, even though the
network is configured with the same number of uplink and
downlink CCs.

CCs are also referred to as cells or/and serving cells. In an
LTE network the component carriers aggregated by a termi-
nal generally are denoted primary cell (PCell) and secondary
cells (SCells). The term Serving Cell comprises both PCell
and SCells. The PCell is terminal specific and is considered
“more important”, due to that control signaling and other
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important signaling is typically handled via the PCell. The
CC configured as the PCell is the primary CC whereas all
other component carriers are secondary CCs.

LTE also supports uplink power control. Uplink power
control is used both on the PUSCH and on the PUCCH. The
purpose is to enable that the mobile terminal transmits with
sufficiently high power but not too high power since the latter
may increase the interference to other users in the network. In
both cases, a parameterized open loop combined with a
closed loop mechanism may be used. Roughly, the open loop
part is used to set a point of operation, around which the
closed loop component operates. Different parameters (tar-
gets and ‘partial compensation factors’) for user and control
plane may be used. For further description of PUSCH and
PUCCH power control, see sections 5.1.1.1 and 5.1.2.1
respectively of 3GPP TS 36.213, Physical Layer Procedures

In order to control the mobile terminal’s or the UE’s uplink
(UL) power the base station or eNB also called evolved Node
B uses TPC (Transmission Power Control) commands to
order the UE to change its transmission power either in an
accumulated or absolute fashion. In LTE Rel-10 the UL
power control is managed per CC. As in Rel-8/9 PUSCH and
PUCCH power control is separate. In LTE REI-10 the
PUCCH power control will only apply to the Primary CC
since this is the only UL CC configured to carry PUCCH.

It should be noted that since the TPC commands do not
have any ACK/NACK bits, the eNB cannot be sure that they
are received by the UE, and since the UE may falsely decode
the Physical Downlink Control Channel (PDCCH) and think/
assume it received a TPC command, counting the used TPC
commands may not be used to estimate a reliable current
output power from the UE. The UE may also compensates its
power level autonomously (based on pathloss estimates) and
this adjustment is not known to the eNB base station. For
these two reasons the eNB base station may need to receive
PHR (Power Headroom Report) reports regularly in order to
make competent scheduling decisions and control the UE UL
power.

In e.g. Rel-8/9 the eNB base station configures the maxi-
mum output power of the UE. Since the UE is allowed to
make power backoffs, the actual transmission power the UE is
capable of may deviate from the configured power. The UE is
configured or adapted to select a value, here denoted, Pcmax
which is the actual maximum transmission power after power
backoff and which may be used to calculate the power head-
room left in the UE.

The UE is allowed to backoff its transmission power to
ensure that out-of-band emissions do not exceed the specified
maximum values. This backoff operation may also be used in
other releases or other systems/technologies as well to ensure
that out-of-bands emissions do not exceed specified maxi-
mum values. The corresponding allowed power reduction is
referred to as MPR (Maximum Power Reduction) and
A-MPR (Additional-MPR). The UE is allowed to back off its
transmission power by up to the defined MPR+A-MPR value,
but the UE is not required to back off as long as it meets the
inter-band emission requirements. The maximum power
reduction allowed for a UE in a specific deployment using a
specific MCS (Modulation and Coding Scheme) and number
ofresource blocks is e.g. defined in tables in 3GPP TS 36.101.
The tables do however only define the maximum allowed
values and the eNB base station does thus not know the exact
value of the applied MPR/A-MPR.

In Rel-10, the eNB base station configures the maximum
output power of each CC individually. Similar to how Pcmax
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was selected by the UE in Rel-8/9, the UE selects a Pcmax,c
for each CC which it uses to calculate the power headroom for
the associated CC.

Pcmazx,c is the actual maximum transmission power for a
specific CC configured by the UE in a specific TTI (Trans-
mission Time Interval). It is set within an interval with the
upper boundary defined by the maximum value of the UE
power class and the maximum CC power configured by the
eNB base station, and the lower boundary defined by taking
maximum power reduction (MPR/A-MPR) into consider-
ation.

In addition to power backoff to meet out-of-band emis-
sions, the UE is also configured/adapted to fulfill SAR (Spe-
cific Absorption Rate) requirements which also may require
the UE to back off its transmission power (possibly in addi-
tion to the backoffs made to meet the out-of-band emissions).
This may be the case when the UE supports both L'TE and
WCDMA (Wideband Code Division Multiple Access) tech-
nologies and operates both radio access technologies simul-
taneously. It has therefore been agreed in 3GPP that LTE
Rel-10 UEs may perform an additional power back-off for
so-called “power management” purposes. This comprises but
is not limited to SAR related power back-off. It has also been
decided that the UE shall, when performing such a power
back-off, reflect it in the computation of Pcmax and/or
Pcmax,c.

Consequently, this additional power reduction will be
reflected in the Pcmax and/or Pcmax,c report as well as in the
PHR reports (see following section).

As previously described, in LTE Rel-8, the base station
may configure the UE to send PHR reports periodically or
when the change in pathloss exceeds a certain configurable
and/or predetermined threshold. The PHR reports indicate
how much transmission power the UE has left for a subframe
1, i.e., the difference between the actual UE maximum trans-
mit power (Pcmax,c or Pcmax) and the estimated required
power. The reported value is in the range of 40 to -23 dB,
where a negative value shows that the UE did not have enough
power to conduct the transmission.

The eNB base station may use the PHR report as input to
the scheduler. As an example, based on the available power
headroom the scheduler of the eNB base station is configured
to decide a suitable number of PRBs (Physical Resource
Blocks) and a good/suitable/adequate MCS as well as a suit-
able transmit power adjustment (TPC command). In carrier
aggregation the eNB base station would make such evaluation
per UL CC because power is controlled per CC according to
RANI decisions.

Since one has UL power control per CC and separate for
PUSCH and PUCCH, this will also be reflected in the PHR
reporting. In Rel-10, the UE will calculate one Pcmax,c value
per CC and also calculate a separate power headroom per CC.
For Rel-10 at least two types of power PHR reports may be
used:

Type 1 PHR report—computed as: P_cmax,c minus
PUSCH power: (P_cmax,c-P_PUSCH)

Type 2 PHR report—computed as: P_cmax,c minus
PUCCH power minus PUSCH power: (P_cmax,c-
P_PUCCH-P_PUSCH)

The Secondary CCs may always report Type 1 PHR report
since they are not configured for PUCCH. The Primary CC
may report both Type 1 and Type 2 PHR report. Type 1 and
Type 2 PHR report may be reported in the same subframe or
in separate subframes.

InRel-10, a PHR report for one CC may be transmitted on
another CC. This would enable to report rapid pathloss
changes on one or more CCs as soon as the terminal has



US 9,307,498 B2

5

PUSCH resources granted on any activated UL CC. More
specifically, a pathloss change by more than dl-Pathloss-
Change dB on any activated CC may trigger PHR reports for
all activated CCs, independent whether a valid PUSCH grant
is available or not for a CC. All PHR reports may be trans-
mitted together in the same MAC control element (CE) in the
same subframe on the same CC. This CC may be any CC for
which the terminal has PUSCH resources granted.

In Rel-10, all PHRs to be reported in a specific subframe
may be included in the same MAC CE and transmitted on one
of'the activated UL CCs. There is at the most one PHR report
or Extended PHR MAC CE per TTL

In addition to the PHR report, there may be a Pcmax,c
report per CC reporting the actual maximum transmission
power of the UE, denoted Pcmax.c in 3GPP TS 36.213. As
explained before, the Pcmax,c value is affected by UE power
reductions due to out-of-band emissions requirements (MPR/
A-MPR) or SAR (power management) requirements. The
Pcmax,c value being sent in addition to the PHR value
enables the network or network nodes (e.g. base station) to
estimate the reason for the change in power headroom, i.e.,
whether it was due to a change in the available transmit power
(Pemax,c) or due to a change in pathloss and TPC command
errors.

In Rel-10, the Pcmax,c is included in the same Extended
PHR MAC CE as the associated PHR.

The Extended PHR MAC (Medium Access Control) CE is
defined in Rel-10 of 3GPP TS 36.321. An example of the
structure is shown in FIG. 6. for definitions of included fields
refer to 3GPP TS 36.321. The acronyms used e.g. R, V are
also defined in 3GPP TS 36.321.

PHR may, in Rel-10, be reported for all configured and
activated CCs. This means that some of the CCs reporting
PHR may not have a valid UL grant in the TTI where PHR is
reported. They will then use a reference format PUSCH and/
or PUCCH to report a so called virtual/reference format PHR.
These reference formats are defined in 3GPP TS 36.213.

It is possible to reduce the reporting overhead by omitting
the Pecmax,c reports for CCs for which no valid UL grant has
been provided. It should be noted that a Pcmax,c report com-
puted for a reference format does not necessarily comprise
any new/beneficial information for the network.

In RAN2 (Radio Access network LTE layer2 radio proto-
cols) it is currently being discussed how power reductions
related to SAR (and power management in general) require-
ments will impact the Power Headroom reporting.

As explained earlier, for Rel-10, the additional power back-
off will be included in the Pcmax,c value reported together
with the associated PHR for a specific CC.

Since the Pcmax,c value will then be dependent on two
unknown factors; the MPR+A-MPR and the additional power
management power reduction, it may not be possible for the
eNB to derive which MPR/A-MPR was used by looking at the
reported Pcmax,c and associated PHR. In other words, the
additional information obtained by explicitly reporting the
Pcmax,c in LTE Rel-10 vanishes partly by introducing the
additional power back-off.

This is problematic as it is important for the network
node(s) (e.g. eNB base station) to be able to track the MPR/
A-MPR behaviour in order to optimize link adaptation and
scheduling. The additional power back-oft adds some “noise”
to the Pcmax,c reports making it even more difficult to per-
form the tracking of the MPR/A-MPR.

It should be noted that since SAR (power management)
reduction may not always be applied, it could be useful for the
eNB base station to know which PHR reports it may use to
derive the MPR/A-MPR from. Currently there is no way for
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the eNB to know this and to guess which part of the power
reduction taken into account in Pcmax,c is not feasible con-
sidering that only ranges/tables are defined in 3GPP
TS36.101 as previously described.

SUMMARY

It is therefore an object of the exemplary embodiments to
address at least the above mentioned problems and to provide
methods and apparatuses (e.g. a UE and/or a base station) for
enabling a base station to be informed that (additional) power
reduction has been used/applied by a UE, so that network
optimization in terms of at least link adaptation and schedul-
ing is achieved.

Thus, according to an aspect of exemplary embodiments, at
least some of the above stated problems are solved by means
of'a method, for use in a user equipment for reporting power
headroom reports to a radio base station in the telecommuni-
cations system, the method comprises: deciding on applica-
tion of a power backoft; indicating in a power headroom
report of the application of the power backoff; and sending, to
the radio base station, the power headroom report indicating
that the power backoff has been applied by the user equip-
ment.

According to further aspect exemplary embodiments, at
least some of the above stated problems are solved by means
of a method for use in a radio base station in a telecommuni-
cations system, the method comprises: receiving a power
headroom report from a user equipment and determining
from the received power headroom report whether a power
backoff has been applied by the user equipment.

Further is disclosed, according to a further aspect of exem-
plary embodiments, a user equipment for reporting power
headroom reports to a radio base station, for power manage-
ment in a telecommunications system, the user equipment
comprises a processing unit configured to decide on applica-
tion of a power backoff; the processing unit is further config-
ured to indicate in a power headroom report of the application
of'the power backoff; and a transceiver configured to send, to
the radio base station, the power headroom report indicating
that the power backoff has been applied by the user equip-
ment.

It is further disclosed, according to yet another aspect of
exemplary embodiments, a radio base station in a telecom-
munications system, the radio base station comprises: a trans-
ceiver configured to receive a power headroom report from a
user equipment; and a processing unit configured to deter-
mine from the received power headroom report whether a
power backoff has been applied by the user equipment.

According to an exemplary embodiment, the user equip-
ment (UE) uses an existing bit of the power head room report
to inform (or indicate to) the network node (e.g. base station
or eNB base station) that additional power reduction (i.e.,
other than MPR/A-MPR and T.) has been applied to the
Pcmax,c or Pcmax values reported in a given TTI. This
enables the base station to determine/know ifa (specific) PHR
report may be used to derive and learn the expected MPR/A-
MPR of the UE.

It should be noted that it is currently not decided/known if
the power back off will be applied per component carrier or
per UE. Depending on which solution is chosen, one exem-
plary embodiment is to let the indication occur once per TTI
where PHR is reported. Another embodiment is to have the
indication for each individual power headroom or Pcmax,c
value reported in the given TTI.

According to a further embodiment, if the SAR (power
management) power reduction is to be reported as a separate
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element, a bit in the Extended PHR could be used to inform
the base station to expect such an element in the same sub-
frame.

An advantage of embodiments is to enable, by means of
this indication of the power backoff in the PHR report, the
radio base station to know when it is possible to use the
reported PHR to estimate the impact of e.g. Modulation and
Coding Scheme and number of resource blocks combinations
on the available transmit power of the user equipment.

A further advantage of the embodiments is to enable the
radio base station to track and/or learn the MPR/A-MPR
(Maximum Power Reduction/Additional MPR)-behaviour of
the UE(s) in order to optimize link adaptation and scheduling.

Yet another advantage of the embodiments is to allow the
radio base station to distinguish between at least two types of
power backofts in the network and to decide based on the
indication how to use the reported values.

Still other objects and features and advantages of the exem-
plary will become apparent from the following detailed
description in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a simplified diagram of a LTE downlink physical
resource.

FIG. 2 shows a simplified LTE time-domain structure.

FIG. 3 is a simplified structure of a Downlink subframe.

FIG. 4 depicts a simplified PUSCH resource assignment.

FIG. 5 is a diagram illustrating an example of aggregation
of multiple component carriers in LTE.

FIG. 6 illustrates the prior art Extended PHR MAC CE as
depicted in 3GPP TS 36.321.

FIG. 7 illustrates an exemplary embodiment where the
P-bit in the first octet is set to “1” to indicate that power
backoff has been applied.

FIG. 8 shows another exemplary embodiment where the
P-bit of the MAC subheader is used to indicate that power
backoff has been applied.

FIG. 9 shows an exemplary embodiment where the P-bit in
each Pcmax,c octet is set to “1” to indicate that power backoff
has been applied at least for this carrier.

FIG. 10 shows another exemplary embodiment where the
P-bit is set to “1” to indicate that power back off has been
applied and where the T-bit is set to “1” to indicate that the
power backoff applied exceeds a certain threshold.

FIG. 10A: Table 1: Example of P and T bits used to encode
four different backoff values. The codepoint “00” may e.g.
indicate that the power backoff did not exceed “backoff value
0”; codepoint “01” may indicate that the power backoft did
not exceed “backoff value 1”; and so on.

FIG. 11 depicts an exemplary implementation in a UE ofan
exemplary embodiment where one bitina MAC CE is used to
indicate additional power backoff.

FIG. 12 illustrates another exemplary implementation in a
UE of an exemplary embodiment where one bit per Pcmax,c
or PH octet is used to indicate additional power backoff.

FIG. 13 is a simplified diagram illustrating an exemplary
wireless telecommunications system wherein exemplary
embodiments may be applied.

FIG. 14 a diagram illustrating a flowchart of a method,
performed in a UE according to exemplary embodiments.

FIG. 15 is a diagram illustrating a flowchart of a method,
performed in a base station according to exemplary embodi-
ments.

FIG. 16 illustrates a block diagram of an exemplary UE in
accordance with exemplary embodiments.
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FIG. 17 illustrates a block diagram of an exemplary base
station in accordance with exemplary embodiments.

DETAILED DESCRIPTION

The exemplary embodiments describe different ways of
indicating to a radio base station e.g. a eNB base station that
an additional power backoff has been made in a UE e.g. to
fulfill SAR requirements in addition to a regular power back-
off such as e.g. MPR/A-MPR and/or T, and which has
impacted the actual transmission power of the UL CC(s)
utilized by the UE. This transmission power (Pcmax,c) may
be reported per CC to the eNB as part the power headroom
report.

It should be noted that the type of power backoff which is
indicated in accordance with one or several exemplary
embodiments may be any type of additional power backoff.
The embodiments do not limit the type or reason for power
management considered as “regular” or “additional” in any
way. Hence it allows the radio base station distinguishing at
least two types of power backoffs in the network and to decide
based on the indication how to use the reported values (power
headroom and/or Pcmax,c).

Examples where an exemplary method may be applied is to
indicate power backoff due to SAR requirements, or other
types of additional power backoft applied by the UE. The
indicated backoff may also be restricted by a threshold value,
i.e. the indication may be set if the additional power backoff
exceeds or falls below a certain value. This threshold may
either be hardcoded/predefined, chosen or selected by the UE
or configured by one or several network nodes or set in some
other way not listed here.

Inthe exemplary embodiments the bitused for power back-
off indication is denoted P, but the embodiments shall not be
limited to this denotation or any other denotations used in the
examples below. In the exemplary embodiments below the
P-bit is set to a predefined value e.g. to “1” to indicate that the
additional power backoff has been applied. Note that the
exemplary embodiments would be valid also if the predefined
value “0” is used to indicate that power backoff has been
applied.

It should be noted that the different exemplary embodi-
ments are described herein by way of reference to particular
example scenarios. In particular, the embodiments are
described in a non-limiting general context in relation to
communicating power headroom reports in a multi-carrier
system that is based on the LTE concept (e.g. LTE-advanced).
It should be noted that the embodiments are not restricted to
LTE but may be applicable in other wireless systems e.g.
WIMAX or WCDMA (3G) or WLAN or a combination of
access technologies wherein power headroom reporting may
be communicated. In addition, the exemplary embodiments
are not restricted to a multi-carrier system although the fol-
lowing exemplary embodiments will be described in relation
to the multi-carrier LTE system.

According to an embodiment, power backoft'is indicated in
the Extended PHR MAC CE bitmap octet. In e.g. the Rel-10
Extended PHR MAC CE there is currently one reserved bit
(R) in the bitmap indicating which component carriers that
are reporting PHR in this MAC CE (see first octet in FIG. 6).
According to an exemplary embodiment (see FIG. 7) this bit
may be set to a predefined value e.g. to “1” to indicate that
power backoff has been applied. In this exemplary embodi-
ment the power backoff may either be assumed to impact all
Pcmax,c values or a subset of them. As previously described,
the bit may be set to “0” instead of “1” for the same purpose
of'indicating that power back-off has been applied by the UE.
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According to another embodiment (see FIG. 8), power
backoft is indicated in the MAC subheader. In the MAC
subheader used by the Extended PHR MAC CE there are two
reserved bits. Either one of these bits could be used as a power
backoff indicator in accordance with an exemplary embodi-
ment. This bit may be set to a predefined value e.g. to “1” to
indicate that power backoff has been applied. In this embodi-
ment the power backoff may either be assumed to impact all
Pcmax,c values or a subset of them.

It should be mentioned that this embodiment may be
applied also to the PHR MAC CE existing in Rel-8/9 version
of'the 3GPP TS36.321 specification. Hence, the UE may send
the PHR in an extended PHR MAC CE or in a “regular” or
“normal” PHR MAC CE and the provision of the indication
(e.g. the setting of the bit to a predefined value) of application
of power backoff is done in the extended PHR MAC CE or in
the or in a “regular” or “normal” PHR MAC CE orina MAC
subheader used by the extended PHR MAC CE.

According to a further embodiment (see FIG. 9), power
backoff is indicated per Pcmax or Pcmax,c. As an example,
each Pcmax,c octet of the Extended PHR MAC CE defined in
3GPPTS36.321 contains 2 reserved bits. One of these may be
used as a power backoff indicator in accordance with an
exemplary embodiment. This bit may be set to a predefined
value e.g. to “1” to indicate that power backoff has been
applied. In this embodiment the power backoff may be
assumed to impact only the Pcmax,c values with the indica-
tion bit set to the predefined valu.

Since each Pcmax,cis associated with a PHR octet, another
embodiment may be to use one reserved bit of the PHR octet
to indicate the power backoff. This embodiment may be
applied also to the PHR MAC CE existing in Rel-8/9 version
of the 3GPP TS36.321 specification.

Another embodiment is to use any reserved bit which
would be identified in the standards, to indicate that a power
backoffhas occurred. Using more than one bit (e.g. abitfield)
would even enable a per-CC backoff indication.

Another exemplary embodiment (see FIG. 10) is to indi-
cate with two separate bits that:

1) power backoft has occurred and

2) the backoff has exceeded a certain threshold.

One bit may then be set to a predefined value e.g. to “1” to
indicate that power backoff has been applied. The other bit
may in addition be set to a predefined value e.g. to “1” to
indicate that a defined/configured threshold has been
exceeded. These two bits used for indication may be two
reserved bits of the existing Extended PHR MAC CE or PHR
MAC CE in any combination. These two bits may also be
combined to be able to indicate more selectively the applied
power backoff, e.g. one of the four code points could indicate
no backoff applied, and the other three code points could
indicate increasing levels of applied backoff. The borders
between the levels may be configured or hardcoded. See
Table 1 of FIG. 10A as an example.

An exemplary embodiment may be realized by combining
the embodiment describing that power backoff indication
may be provided in the Extended PHR MAC CE bitmap octet
with the embodiment describing that Power backoff indica-
tion is provided per Pcmax,c. The bit of the bitmap (P in FIG.
7) would then indicate that an additional power backoff was
applied for this UE and the bit for each Pcmax,c report (P in
FIG. 9) would be used to indicate which Pcmax,c reports this
applies to or which Pemax ¢ reports that have a backoff above
a certain threshold value.

This combination of bits may also be used to indicate an
interval for a specific value or value range of the backoff
similar.
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According to the above described exemplary embodi-
ments, it is the UE e.g. a mobile terminal or any suitable
terminal, that is configured to decide on applying a backoff
power i.e. (additional) power reduction and the UE is further
configured or adapted to indicate in one or several PHR
reports the application of backoff power. The UE is further
configured or adapted to send the PHR to the (eNB) base
station. The base station may be the serving base station. The
(eNB) base station is configured to receive a PHR report from
a UE, and the eNB is further configured to determine based on
the received PHR report whether the UE have applied power
backoff. The indication that an addition or special power
backoff is made/applied by the UE and also when it is made/
applied and the reason for applying it, is informed to the base
station or eNB base station. I.e. the base station is made aware
of when an “additional” or “special” power backoft (e.g. to
fulfill SAR requirements) has been applied and thereby able
to distinguish it from “normal” power backoff or power
reduction (e.g. MPR, A-MPR) or whether the power backoff
has been applied by the UE due to power management when
power backoff impacts the actual transmission power utilized
by the UE. These are advantageous, because without this
indication it (the base station) will not be aware of it and just
obtain the resulting PHR report comprising the power head-
room value(s) and optionally the Pcmax(,c) value(s).

In addition if the power backoff indication is only used for
specific types of power backofts, this information will be even
more valuable to the eNB. For example if the standard is
specified to only use this indication for power backoff which
is due to other reason than MPR/A-MPR, the eNB base sta-
tion could, advantageously use this indication to know when
it is possible to use the reported PHR to estimate the impact of
MCS and RB combinations on the available transmit power.
This information may be used by the network (eNB) to track
the MPR/A-MPR behaviour in order to optimize link adap-
tation and scheduling.

Also if the power backoff indication is dependent on a
certain power backoff threshold, the eNB may learn if there
has been a significant power backoff or not. Based on that the
base station may judge if the power headroom report could
still be used for all or for some CCs to estimate the MPR/A-
MPR of the used MCS and RB combinations, which is a
further advantage.

As previously described, the UE or mobile terminal is
adapted to inform/indicate to the base station of the applica-
tion of power backoff. FIG. 11 illustrates an exemplary imple-
mentationina UE of an exemplary embodiment where one bit
in a MAC CE is used to indicate additional power backoff, for
the UE or for all individual Scells. As shown in this example,
the UE starts by obtaining a PHR values and Pcmax,c values
from lower layers and constructs a MAC control element. A
check is performed whether additional power backoff is
applied by the UE in a defined TTI. If the determination is
“Yes”, the P-bit is set to “1” otherwise if the determination in
“N”, the P-bit is set to “0”.

FIG. 12 illustrates another exemplary implementation in a
UE where one bit per Pcmax,c or PH octet is used to indicate
additional power backoff, individually for each Scell. As
shown in this example, the UE starts by obtaining a PHR
values and Pcmax,c values from lower layers and constructs a
MAC control element. A check is performed whether addi-
tional power backoff'is applied by the UE in a defined TTTand
for the Pcmax ¢ value. If the determination is ““Yes”, the P-bit
is set to “1” otherwise if the determination in “N”, the P-bit is
set to “0”.

FIG. 13 is a simplified diagram illustrating an exemplary
wireless telecommunications system wherein exemplary
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embodiments may be applied. In general and as previously
described the UE is configured or adapted to decide on apply-
ing a backoff power i.e. (additional) power reduction and the
UE is further configured or adapted to indicate in one or
several PHR reports the application of backoff power. The UE
is further configured or adapted to send the PHR to the (eNB)
base station. The base station may be the serving base station.
The (eNB) base station is configured to receive a PHR report
from a UE, and the eNB is further configured to determine
based on the received PHR report whether the UE applies
power backoff. The base station is made aware of when an
“additional” or “special” power backoffhas been applied due
to power management e.g. to fulfill SAR requirements, when
the power backoff impacts the actual transmission power
utilized by the UE or due to power management in addition to
any power backoff applied by the UE for MPR/A-MPR and
thereby the radio base station is capable to distinguish from
“normal” power backoff or power reduction (e.g. MPR,
A-MPR). As previously described, the UE is, according to an
embodiment, configured to use an existing bit of the power
head room report to inform or indicate to the network node
e.g. base station or eNB base station that additional power
reduction i.e., other than MPR/A-MPR and T, has been
applied to the Pcmax,c or Pcmax values reported in a given
TTI. This enables the base station to determine if a (specific)
PHR report may be used to derive and learn the expected
MPR/A-MPR of the UE.

FIG. 14 illustrates the main steps performed by a UE in
accordance with previously described embodiments. For sake
of clarity the main steps performed by the UE and the difter-
ent embodiments are repeated again.

As shown in FIG. 14, the procedure or method foruse inthe
UE for reporting power headroom reports to a radio base
station or eNB, for power management, comprises:

(141) deciding on application of a power backoff;

(142) indicating in a power headroom report of the appli-

cation of the power backoff; and

(143) sending, to the radio base station, the power head-

room report indicating that the power backoff has been
applied by the UE.

According to an embodiment, the UE indicates in the
power headroom report application of power backoff due to
power management, in addition to indicating in the same
power headroom report a maximum transmit power used by
the UE.

According to another embodiment, the UE sends the power
headroom report in an extended power headroom medium
access control element (extended PHR MAC CE) orina PHR
MAC CE and the indication of application of the power
backoff is provided in the extended PHA MAC CE or in the
PHR MAC CE or in the MACH subheader used by the
extended PHR MAC CE.

According to a further embodiment, the UE indicates the
power backoff being an additional power backoff applied by
the UE in a transmission time interval (TTI).

In a further embodiment, the UE perform the indication by
setting a reserved bit in the power headroom report to a
predefined value e.g. to “1” when the UE decides to apply
power backoff. The UE may further indicate in the power
headroom report that the power backoff has exceeded a cer-
tain defined power backoff threshold, by setting a further bit
in the power headroom report to a predefined valuee.g. to “1”.

According to yet another embodiment, the UE indicates of
the application of the power backoff each time a maximum
transmit power used by the UE is indicated in the power
headroom report.
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According to yet another embodiment, the UE indicates of
the application of the power backoff due to power manage-
ment when the power backoff impacts the actual transmission
power utilized by the UE.

According to yet another embodiment, the UE indicates of
the application of the power backoff due to power manage-
ment in addition to any power backoff applied by the UE
MPR/A-MPR.

Additional steps or complementary steps performed by the
UE have already been disclosed before and are not repeated
again.

FIG. 15 illustrates the main steps performed by a radio base
station in accordance with previously described embodi-
ments. For the sake of clarity the main steps performed by the
base station or eNB and the different embodiments are
repeated again.

As shown in FIG. 15, the main steps performed by the radio
base station are:

(151) receiving a power headroom report from a UE and

(152) determining from the received power headroom
report whether a power backoft has been applied by the user
equipment.

According to an embodiment, the radio base station deter-
mines from the received power headroom report whether
power backoff has been applied by the UE due to power
management and further determines from the report a maxi-
mum transmit power used by the UE.

According to another embodiment the radio base station
determines whether a reserved bit in the power headroom
report is set to a predefined value e.g. “1”. According to yet
another embodiment, the radio base station also determines
whether a further reserved bit in the power headroom report is
set to a predefined value e.g. “1” indicating that the power
backoffhas exceeded a certain defined power backoft thresh-
old.

According to a further embodiment, the radio base station
determines whether the power backoff is an additional power
backoff applied by the UE in a TTI.

According to a further embodiment, the radio base station
determines whether the power backoff has been applied by
the UE due to power management when the power backoff
impacts the actual transmission power utilized by the UE.

According to a further embodiment, the radio base station
determines whether the power backoff has been applied by
the UE due to power management in addition to any power
backoff applied by the user equipment for maximum power
reduction, MPR, and additional MPR, A-MPR.

According to yet another embodiment, the radio base sta-
tion receives the power headroom report in an extended PHR
MAC CE or in a PHR MAC CE. If power backoff has been
applied by the UE, such indication is received by the radio
base station in the extended PHR MAC CE or in the PHR
MAC CE or in the MAC subheader used by the PHR MAC
CE.

This way, the radio base station or eNB will be able to
distinguish (systematic) MPR/A-MPR related power backoff
from e.g. unpredictable power management related to power
reductions and hence the eNB will adapt the link in a more
efficient way i.e. the performance of link adaptation is
improved compared to that if the eNB cannot distinguish
MPR/A-MPR.

Referring to FIG. 16 there is illustrated a diagram of exem-
plary components of UE 700. As illustrated, UE 700 may
include one or several antennas (only one antenna is shown)
730, a transceiver 705, processing logic 710, a memory 715,
aninput device(s) 720, an output device(s) 725, and a bus 730.
Antenna 730 may include one or more antennas to transmit
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and/or receive radio frequency (RF) signals over the air.
Antenna 730 may, for example, receive RF signals from trans-
ceiver 705 and transmit the RF signals over the air to an eNB
and receive RF signals over the air from said eNB and provide
the RF signals to transceiver 705. The processing logic or
circuit 710 of the UE is e.g. configured to decide on applying
backoff power and is further configured to form and indicate
in at least a PHR report of its decision by setting a bit or
combination of bits etc in accordance with previously
described embodiments and the antenna 730 and/or trans-
ceiver is/are configured to send at least the PHR report to the
base station. Transceiver 705 may include, for example, a
transmitter that may convert baseband signals from process-
ing logic 710 to RF signals and/or a receiver that may convert
RF signals to baseband signals. Alternatively, transceiver 705
may include a transceiver to perform functions of both a
transmitter and a receiver. Transceiver 705 may connect to
antenna 730 for transmission and/or reception of the RF sig-
nals. The processing unit 710 is, as previously described,
configured to indicate in the power headroom report applica-
tion of power backoff due to power management, and is
further configured to indicate in the same power headroom
report a maximum transmit power used by the UE. The trans-
ceiver 705 is, according to an embodiment, configured to send
the power headroom report in an extended PHR MAC CE or
in a PHR MAC CE. The processing unit 710 is further con-
figured to indicate the power backoft as an additional power
backoff applied by the UE in a TTI. The processing unit 710
is configured to set a reserved bit in the power headroom
report to a predefined value e.g. to “1” when the processing
unit 710 decides to apply power backoff. According to an
embodiment, the processing unit 710 is further configured to
indicate in the power headroom report that the power backoff
has exceeded a certain defined power backoff threshold, by
setting a further bit in the power headroom report to a pre-
defined value e.g. to “1”. The bit indication(s) is provided in
the extended PHR MAC CE or in the PHR MAC CE or in the
MAC subheader.

The processing unit 710 according to another embodiment,
is configured to apply the power backoff each time a maxi-
mum transmit power used by the UE indicated in the power
headroom report. The processing unit 710 is further config-
ured to determine whether the power backoff has been
applied due to power management when the power backoff
impacts the actual transmission power utilized by the UE. The
processing unit 710 is further configured to determine
whether the power backoff has been applied by the UE due to
power management in addition to any power backoff applied
by the UE for maximum power reduction, MPR, and addi-
tional MPR, A-MPR

Processing logic/unit 710 may include a processor, micro-
processor, an application specific integrated circuit (ASIC),
field programmable gate array (FPGA), or the like. Process-
ing logic 710 may control operation of UE 700 and its com-
ponents. Referring to FIG. 16, the UE further comprises a
memory 715 which may include a random access memory
(RAM), a read only memory (ROM), and/or another type of
memory to store data and instructions that may be used by
processing logic 710. Input device(s) 720 may include
mechanisms for entry of data into UE 700. For example, input
device(s) 720 may include input mechanisms, such as micro-
phone, input elements, display, etc. Output device(s) 725 may
include mechanisms for outputting data in audio, video and/
or hard copy format. For example, output device(s) 725 may
include speaker, display, etc. Bus 730 may interconnect the
various components of UE 700 to permit the components to
communicate with one another. Although FIG. 16 shows
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exemplary components of UE 700, in other implementations,
UE 700 may contain fewer, different, or additional compo-
nents than depicted in FIG. 16. In still other implementations,
one or more components of UE 700 may perform the tasks
described as being performed by one or more other compo-
nents of UE 700.

Referring to FIG. 17 there is illustrated a block diagram of
anexemplary radio base station 600 (e.g. eNB or eNodeB). As
illustrated, eNB 600 may include antennas 610, transceivers
620, a processing system 630, and an interface 640. Antennas
610 may include one or more directional and/or omni-direc-
tional antennas. Transceivers 620 may be associated with
antennas 610 and include transceiver circuitry for transmit-
ting and/or receiving symbol sequences in a network via
antennas 610. Processing system 630 may control the opera-
tion of eNB 600. Processing system 630 may also process
information received via transceivers 620 and interface 640.
As illustrated, processing system 630 may include processing
logic 632 and a memory 634. It will be appreciated that
processing system 630 may include additional and/or differ-
ent components than illustrated in FIG. 6. Processing logic
632 may include a processor, microprocessor, an ASIC,
FPGA, or the like. Processing logic 632 may process infor-
mation received via transceivers 620 and interface 640. The
antenna and/or transceiver is configured to receive at least a
PHR report from a UE and the processing logic may deter-
mine from the at least PHR report whether the UE applies or
applied a backoff power. According to an embodiment, the
processing unit 632 is further configured to determine from
the received power headroom report a maximum transmit
power used by the UE. The processing unit 632 is further
configured to determine whether a reserved bit in the power
headroom report is set to a predefined value e.g. to “1”.
According to a further embodiment, processing unit 632 is
further configured to determine whether a further reserved bit
in the power headroom report is set to a predefined value e.g.
to “1” indicating that the power backoff has exceeded a cer-
tain defined power backoff threshold. The processing unit 632
may further be configured to determine whether the power
backoffis an additional power backoff applied by the UE in a
TTL

As previously described the transceiver 620 ofthe eNB 600
is configured to receive the power headroom report in an
extended PHR MAC CE or in a PHR MAC CE and the
indication that the UE applied power backoft may be pro-
vided in the PHR MAC CE or in the MAC CE or in the MAC
subheader as previously described.

Although FIG. 17 shows exemplary components of eNB
600, in other implementations, eNB 600 may contain fewer,
different, or additional components than depicted in FIG. 17.
In still other implementations, one or more components of
eNB 600 may perform the tasks described as being performed
by one or more other components of eNB 600.

It should be noted that it is currently not decided/known if
the power back off will be applied per CC or per UE. Depend-
ing on which solution is chosen, one exemplary embodiment
could be to let the indication occur once per TTI where PHR
is reported. Another embodiment is to have the indication for
each individual power headroom or Pcmax,c value reported
in the given TTI. According to a further embodiment, if the
SAR (power management) power reduction is to be reported
as a separate element, a bit in the Extended PHR could be used
to inform the base station to expect such an element in the
same subframe.

It should be mentioned that the embodiments have been
adopted/approved by the standardization group 3GPP as
decided in3GPP TSG-RAN2 meeting #73 in Taipei, Taiwan,
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in Feb. 21-25, 2011, in particular in the publicly available
change requests (CR) R2-111601 and R2-111680 entitle
“Adding a Power management indication in PHR”.

While communications according to the LTE standard are
discussed by way of example, communications may be pro-
vided according to other wireless communications standards
such as previously mentioned and also such as Advanced
Mobile Phone Service (AMPS), ANSI-136, Global Standard
for Mobile (GSM) communication, General Packet Radio
Service (GPRS), enhanced data rates for GSM evolution
(EDGE), DCS, PDC, PCS, code division multiple access
(CDMA), wideband-CDMA, CDMA2000, and/or Universal
Mobile Telecommunications System (UMTS) frequency
bands. Moreover, user or mobile terminals/equipment
according to embodiments may, for example, be any wireless
(“mobile”) communication terminals (“wireless terminals”
or “terminals”) that are configured to carry out cellular com-
munications (e.g., cellular voice and/or data communica-
tions) using multiple component carriers, single component
carrier and/or a combination thereof.

Various embodiments have been described fully herein
with reference to the accompanying figures, in which various
embodiments are shown. This embodiments may, however,
be embodied in many alternate forms and should not be
construed as limited to the embodiments set forth herein.

Accordingly, while the embodiments is susceptible to vari-
ous modifications and alternative forms, specific embodi-
ments thereof are shown by way of example in the drawings
and were described in detail herein. It should be understood,
however, that there is no intent to limit the embodiments to the
particular forms disclosed, but on the contrary, the embodi-
ments is to cover all modifications, equivalents, and alterna-
tives falling scope of the embodiments as defined by the
claims. Like numbers refer to like elements throughout the
description of the figures.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting. As used herein, the singular forms “a”, “an” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be further
understood that the terms “comprises,” “comprising,”
“includes,” “including,” “have,” “having” or variants thereof
when used herein, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but
do not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereof. Moreover, when an element is referred
to as being “responsive” or “connected” to another element or
variants thereof, it may be directly responsive or connected to
the other element, or intervening elements may be present. In
contrast, when an element is referred to as being “directly
responsive” or “directly connected” to another element or
variants thereof, there are no intervening elements present. As
used herein the term “and/or” includes any and all combina-
tions of one or more of the associated listed items and may be
abbreviated as “/”.

It will be understood that, although the terms first, second,
etc. may be used herein to describe various elements, these
elements should not be limited by these terms. These terms
are only used to distinguish one element from another. For
example, a first element could be termed a second element,
and, similarly, a second element could be termed a first ele-
ment without departing from the teachings of the disclosure.
Moreover, although some of the diagrams include arrows on
communication paths to show a primary direction of commu-
nication, it is to be understood that communication may occur
in the opposite direction to the depicted arrows.
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Exemplary embodiments are described herein with refer-
ence to block diagrams and/or flowchart illustrations of com-
puter-implemented methods, apparatus (systems and/or
devices) and/or computer program products. It is understood
that a block of the block diagrams and/or flowchart illustra-
tions, and combinations of blocks in the block diagrams and/
or flowchart illustrations, maybe implemented by computer
program instructions that are performed by one or more com-
puter circuits. These computer program instructions may be
provided to a processor circuit of a general purpose computer
circuit, special purpose computer circuit, and/or other pro-
grammable data processing circuit to produce a machine,
such that the instructions, which execute via the processor of
the computer and/or other programmable data processing
apparatus, transform and control transistors, values stored in
memory locations, and other hardware components within
such circuitry to implement the functions/acts specified in the
block diagrams and/or flowchart block or blocks, and thereby
create means (functionality) and/or structure for implement-
ing the functions/acts specified in the block diagrams and/or
flowchart block(s)

These computer program instructions may also be stored in
a computer-readable medium that may direct a computer or
other programmable data processing apparatus to function in
a particular manner, such that the instructions stored in the
computer-readable medium produce an article of manufac-
ture including instructions which implement the functions/
acts specified in the block diagrams and/or flowchart block or
blocks.

A tangible, non-transitory computer-readable medium
may include an electronic, magnetic, optical, electromag-
netic, or semiconductor data storage system, apparatus, or
device. More specific examples of the computer-readable
medium would include the following: a portable computer
diskette, a random access memory (RAM) circuit, a read-only
memory (ROM) circuit, an erasable programmable read-only
memory (EPROM or Flash memory) circuit, a portable com-
pact disc read-only memory (CD-ROM), and a portable digi-
tal video disc read-only memory (DVD/Blue Ray).

The computer program instructions may also be loaded
onto a computer and/or other programmable data processing
apparatus to cause a series of operational steps to be per-
formed on the computer and/or other programmable appara-
tus to produce a computer-implemented process such that the
instructions which execute on the computer or other program-
mable apparatus provide steps for implementing the func-
tions/acts specified in the block diagrams and/or flowchart
block or blocks.

Accordingly, the embodiments described herein may be
embodied in hardware and/or in software (including firm-
ware, resident software, micro-code, etc.) that runs on a pro-
cessor such as a digital signal processor, which may collec-
tively be referred to as “circuitry,” “a module” or variants
thereof.

It should also be noted that in some alternate implementa-
tions, the functions/acts noted in the blocks may occur out of
the order noted in the flowcharts. For example, two blocks
shown in succession may in fact be executed substantially
concurrently or the blocks may sometimes be executed in the
reverse order, depending upon the functionality/acts
involved. Moreover, the functionality of a given block of the
flowcharts and/or block diagrams may be separated into mul-
tiple blocks and/or the functionality of two or more blocks of
the flowcharts and/or block diagrams may be at least partially
integrated. Finally, other blocks may be added/inserted
between the blocks that are illustrated.
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Many different embodiments have been disclosed herein,
in connection with the above description and the drawings. It
will be understood that it would be unduly repetitious and
obfuscating to literally describe and illustrate every combi-
nation and subcombination of these embodiments. Accord-
ingly, the present specification, including the drawings, shall
be construed to constitute a complete written description of
all combinations and subcombinations of the embodiments
described herein, and of the manner and process of making
and using them, and shall support claims to any such combi-
nation or subcombination.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood in the art to which this invention
belongs. It will be further understood that terms, such as those
defined in commonly used dictionaries, should be interpreted
as having a meaning that is consistent with their meaning in
the context of the relevant art and will not be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.

In the specification, there have been disclosed exemplary
embodiments and, although specific terms are employed,
they are used in a generic and descriptive sense only and not
for purposes of limitation.

ABBREVIATIONS

CCI—Component Carrier Identifier
CC—Component Carrier
PCC—Primary Component Carrier
SCC—Secondary Component Carrier
PHR—Power Head Room
PCell—Primary Cell

SCell—Secondary Cell
UL—Uplink
DL—Downlink

MPR—Maximum Power Reduction
A-MPR—Additional Maximum Power Reduction
SAR—Specific Absorption Rate

What is claimed is:

1. A method, for use in a user equipment, for reporting
power headroom reports to a radio base station, for power
management in a telecommunications system, the method
comprising:

deciding on application of a power backoff;

indicating in a power headroom report of the application of

the power backoff; and

sending, to the radio base station, the power headroom

report indicating that the power backoffhas been applied
by the user equipment, wherein sending comprises send-
ing the power headroom report in an extended power
headroom medium access control element or in a power
headroom medium access control element, and provid-
ing said indication of application of power backoft'in the
extended power headroom medium access control ele-
ment, in the power headroom medium access control
element, or in a medium access control subheader used
by the extended power headroom medium access control
element.

2. The method according to claim 1 wherein indicating
comprises indicating in the power headroom report applica-
tion of power backoff due to power management, in addition
to indicating in the same power headroom report a maximum
transmit power used by the user equipment.
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3. The method according to claim 1 wherein indicating
comprises indicating the power backoff being an additional
power backoff applied by the user equipment in a transmis-
sion time interval.

4. The method according to claim 1 wherein indicating
comprises setting a reserved bit in the power headroom report
to a predefined value when the user equipment decides to
apply power backoff.

5. The method according to claim 1 further comprises
indicating in the power headroom report that the power back-
off has exceeded a certain defined power backoff threshold,
by setting a further bit in the power headroom report to a
predefined value.

6. The method according to claim 1 wherein indicating
comprises indicating the application of the power backoff
each time a maximum transmit power used by the user equip-
ment is indicated in the power headroom report.

7. The method according to claim 1 wherein indicating
comprises indicating the application of the power backoff due
to power management when said power backoff impacts the
actual transmission power utilized by the user equipment.

8. The method according to claim 1 wherein indication
comprises indicating the application of the power backoff due
to power management in addition to any power backoff
applied for maximum power reduction, MPR, and additional
MPR, A-MPR.

9. A method, for use in a radio base station in a telecom-
munications system, the method comprising:

receiving a power headroom report from a user equipment

in an extended power headroom medium access control
element or in a power headroom medium access control
element;

determining from the received power headroom report

whether a power backoff has been applied by the user
equipment; and

if it is determined that power backoff has been applied by

the user equipment, receiving such indication of the
application of the power backoff in the extended power
headroom medium access control element, in the power
headroom medium access control element, or in a
medium access control subheader used by the extended
power headroom medium access control element.

10. The method according to claim 9 wherein determining
further comprises determining from the received power head-
room report whether a power backoff has been applied by the
user equipment due to power management and further deter-
mining from the power headroom report a maximum transmit
power used by the user equipment.

11. The method according to claim 9 wherein determining
further comprises determining whether a reserved bit in the
power headroom report is set to a predefined value.

12. The method according to claim 11 wherein determining
further comprises determining whether a further reserved bit
in the power headroom report is set to a predefined value
indicating that the power backoff has exceeded a certain
defined power backoff threshold.

13. A user equipment for reporting power headroom
reports to a radio base station, for power management in a
telecommunications system, the user equipment comprising:

a processing unit configured to decide on application of a

power backoff and to indicate in a power headroom
report of the application of the power backoff; and

a transceiver configured to send to the radio base station,

the power headroom report indicating that the power
backoff has been applied by the user equipment, to send
the power headroom report in an extended power head-
room medium access control element or in a power
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headroom medium access control element, and to pro-
vide said indication of application of power backoff in
the extended power headroom medium access control
element, in the power headroom medium access control
element, or in a medium access control subheader used
by the extended power headroom medium access control
element.

14. The user equipment according to claim 13 wherein the
processing unit is configured to indicate in the power head-
room report application of power backoff due to power man-
agement, and is further configured to indicate in the same
power headroom report a maximum transmit power used by
the user equipment.

15. The user equipment according to claim 13 wherein the
processing unit is configured to indicate the power backoft as
an additional power backoff applied by the user equipment in
a transmission time interval.

16. The user equipment according to claim 13 wherein the
processing unit is configured to set a reserved bit in the power
headroom report to a predefined value when the processing
unit decides to apply power backoff.

17. The user equipment according to claim 13 wherein the
processing unit is further configured to indicate in the power
headroom report that the power backoff has exceeded a cer-
tain defined power backoff threshold, by setting a further bit
in the power headroom report to a predefined value.

18. The user equipment according to claim 13 wherein the
processing unit is further configured to apply the power back-
off each time a maximum transmit power used by the user
equipment is indicated in the power headroom report.

19. The user equipment according to claim 13 wherein the
processing unit is further configured to apply the power back-
off due to power management when said power backoff
impacts the actual transmission power utilized by the user
equipment.

20. The user equipment according to claim 13 wherein the
processing unit is further configured to apply the power back-
off due to power management in addition to any power back-

10

15

30

35

20
off applied by the user equipment for maximum power reduc-
tion, MPR, and additional MPR, A-MPR.

21. A radio base station in a telecommunications system,
the radio base station comprising:

a transceiver configured to receive a power headroom
report from a user equipment, by receiving the power
headroom report in an extended power headroom
medium access control element or in a power headroom
medium access control element; and

a processing unit configured to determine from the
received power headroom report whether a power back-
off'has been applied by the user equipment, and if power
backoff has been applied by the user equipment, to
receive such indication of the application of the power
backoff in the extended power headroom medium access
control element, in the power headroom medium access
control element, or in a medium access control sub-
header used by the extended power headroom medium
access control element.

22. The radio base station according to claim 21 wherein
the processing unit is further configured to determine from
the received power headroom whether a maximum transmit
power has been applied by the user equipment due to power
management and to determine from the power headroom
report a maximum transmit power used by the user equip-
ment.

23. The radio base station according to claim 21 wherein
the processing unit is further configured to determine whether
a reserved bit in the power headroom report is set to 1.

24. The radio base station according to claim 23 wherein
the processing unit is further configured to determine whether
a further reserved bit in the power headroom report is set to a
predefined value indicating that the power backoff has
exceeded a certain defined power backoff threshold.

#* #* #* #* #*
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